The inducible extracellular alkaline protease of Neurospora crassa was demonstrated to be a glycoprotein containing D-galactose residues by use of the enzyme-lectin conjugate horseradish peroxidase-Ricinus communis-agglutinin-120. The carbohydrate moiety of the protease appears to be a poor antigen since an antiserum made to the native enzyme recognizes epitopes determined only by the polypeptide portion of the enzyme. Immunochemical techniques were used to quantitatively precipitate protease labeled in vivo for electrophoretic analysis. Protease synthesis could not be detected in control, uninduced cultures, whereas ca. 0.4% of total cellular protein synthesis is devoted to protease formation under inducing conditions.
In the fungus Neurospora crassa, control of structural gene transcription is used as a means of regulating its versatile metabolism by coordinating the synthesis of functionally related enzymes (13, 16) . This coordinated transcription is regulated by master control genes such as cys-3, which controls the expression of numerous genes involved in the acquisition and metabolism of sulfur (8) . The nit-2 locus is the major control gene of a more sophisticated circuit governing the synthesis of many enzymes involved in nitrogen metabolism. This locus mediates nitrogen catabolite repression, whereas induction of specific enzyme synthesis is regulated by minor control genes (14) . The product of nit-2 gene has been tentatively identified as a DNA-binding protein (3) .
Instances where a single structural gene is regulated as a member of two or more control circuits are known (2, 6 ). An interesting case concerns the expression of the structural gene for an extracellular alkaline protease. Proteins can serve as the sole source of nitrogen, carbon, or sulfur in N. crassa. When any one of these is lacking and a protein is available in the environment, this protease activity is expressed (1, 4, 9) . It has been proposed that the DNA sequences in the upstream region of this gene might contain three regulatory regions for recognition of the products of the regulatory genes nit-2, cys-3, and an as-yet-unidentified locus mediating carbon catabolite repression.
In this paper, we demonstrate that the induction of the protease involves de novo synthesis of the enzyme and show that in induced cultures ca. 0.4% of total protein synthesis is devoted to formation of the protease. Experiments are also presented which demonstrate that the enzyme is a glycoprotein. This carbohydrate moiety contains D-galactose residues and appears to be poorly antigenic.
MATERIALS AND METHODS Organism and growth conditions. The wild-type N. crassa strain 74-OR23-1A (FGSC 987) was maintained on Vogel minimal salts with 2% sucrose and 1.5% agar. Conidial suspensions were inoculated to an absorbance of 0.5 at 420 nm into liquid medium. Where indicated, the medium was modified by the deletion of either the sulfur (-S) or nitrogen (-N) sources. When included, bovine serum albumin (BSA) was added as a filter-sterilized solution to 1 mg/ml. Cultures were grown with shaking at 30°C.
Assay of protease activity. One milliliter of culture fluid was incubated at 37°C with an equal volume of casein yellow substrate (5 mg/ml in 50 mM NaH2BO3, pH 7.6). The reaction was terminated at the desired time (usually 1 h) by adding 1 ml of 10% trichloroacetic acid (TCA) and cooling on ice. Blank reaction tubes were made by adding the TCA to the medium before the addition of substrate. Precipitated material was removed by centrifugation at 1,100 x g for 20 min at room temperature. One milliliter of the supernatant was removed and mixed with 1 ml of freshly prepared 5 N KOH, and the increase in absorbance at 428 nm was determined.
Protease purification. The alkaline protease was purified by the procedure of Lindberg and Drucker (7) after irreversibly inhibiting the enzyme with 0.1 mM phenylmethylsulfonyl fluoride. The purified enzyme yields a single band on sodium dodecyl sulfate (SDS) gels at the correct position for protease.
SDS-polyacrylamide gel electrophoresis. Electrophoresis of proteins was conducted in polyacrylamide gels cast in tubes or slabs by using the system described by O'Farrell (11) . Tube gels (12.5%) were 10 cm long with 2-cm stacking gels and run at 2 mA per gel through the stacking gel and 4 mA per gel through the running gel. Slabs gels 1.5 mm thick were run at 20 to 25 mA. Where noted, gels were stained in 0.1% Coomassie brillant blue R 250 in methanol:glacial acetic acid:water (5:1:5) for 1 to 2 h and destained with 10% acetic acid containing 10 to 30% methanol.
Electrophoretic blotting of proteins to nitrocellulose. Proteins separated in SDS-polyacrylamide slab gels were transferred to nitrocellulose (BA85; Schleicher & Schuell) sheets (15) by using an Electroblot tank (E.C. Corp.). The electrode assembly was completely submerged in a tank filled with 20 mM Tris (pH 8.3)-0.15 M glycine-0. 1% SDS-20% methanol, and a current of 250 mA was applied for 10 to 20 h.
Binding of lectin to electroblotted protein. After transferring the protein to a nitrocellulose strip, the remainder of the protein binding capacity of the nitrocellulose was blocked by incubating the strip, with shaking, at 40°C for 1 h in a Seal-AMeal bag with 20 ml of 10 mM Tris (pH 7.4)-0.9% NaCl-5 mM EDTA-3% BSA (15) . The strip was washed for 30 min at room temperature in 50 mM Tris (pH 7.4)-0.9% NaCl-5 mM EDTA-0.05% Nonidet P-40-0.25% gelatin (12) . After this wash, the strip was placed in another Seal-A-Meal bag with 30 ml of the gelatin-containing buffer and 0.2 ml of 0. 15 min. At the end of incubation, NMT/BSA buffer was added to 3 ml, and the tubes were centrifuged at 6,000 rpm for 10 min at 4°C in a Sorvall HB-4 rotor. The supernatant was decanted, and the pellets were washed twice more by suspending them in 3 ml of buffer and centrifuging.
Solubilization of immunoprecipitated material was with either 2% SDS or electrophoresis sample buffer, depending on the experiment. The pellet was thoroughly suspended, and the tubes were centrifuged at 10,000 rpm for 10 min in an SS-34 rotor. The supernatants were analyzed either directly by liquid scintillation counting or by quantitation after electrophoresis as described below.
Quantitation of radioactivity in polyacrylamide gels. Tube gels were frozen on dry ice and cut into 2-mm slices with a Bio-Rad manual gel slicer; each slice was incubated overnight with 1 The total volume of each sample of medium was determined, and the protein in a 1-ml sample was precipitated by the addition of 10 ml of 10% TCA containing 5 mM leucine; the precipitates were collected on glass fiber filters and extensively washed as described above. Precipitates were digested in a scintillation vial with 1 ml of 90% NCS, neutralized, and counted.
RESULTS
Alkaline protease is a glycoprotein. During preliminary characterization of the alkaline protease it was noted that the sum of the apparent molecular weights of peptide fragments generated by CNBr A sample of radioactive protease was heated at 60°C in NMT without BSA for various times, quickly cooled in an ice-water bath, and tested for reactivity with the antiserum. The extent of denaturation was estimated by the remaining enzyme activity of samples of protease subjected to identical periods of heat inactivation. As proteolytic activity was destroyed by heating, reactivity of the protease with the antiserum was lost in parallel (Fig. 2) . This result suggests that the antiserum is directed toward epitopes present in the polypeptide.
Induction of protease synthesis. To determine what fraction of the extracellular protein actually represents the alkaline protease, the protein contained in a sample of growth medium was precipitated with TCA and then electrophoresed in polyacrylamide tube gels. Profiles (Fig. 4) were reproducibly obtained, with the large protease peak (Rf 0.415) consistently comprising 37 to 42% of the total extracellular incorporation. By using this value in conjunction with the values presented in Table 1 , we conclude that the synthesis of the alkaline protease during induction occupies ca. 0.4% of the total protein synthetic capacity of these cells. Similar results were obtained whether the cells were derepressed by nitrogen or sulfur limitation. We therefore anticipate that the mRNA coding for the protease may be reasonably abundant and could comprise ca. 0.4% of the polysomal mRNA population. grown under inducing conditions, whereas those grown under control conditions secreted very little proteolytic activity into the growth medium (Fig. 3) . The induced synthesis of protease continued nearly linearly for several hours before beginning to level off.
Neutral and acid proteases are also produced and secreted by N. crassa under the conditions employed here (1, 4, 11) . The alkaline protease being studied is a serine protease and is strongly inhibited by phenylmethylsulfonyl fluoride. Inhibition studies'not detailed here show that almost 80% of the total induced extracellular protease activity was inhibited by phenylmethylsulfonyl fluoride. Thus, most of the protease activity in induced cells is attributable to the alkaline protease species. Moreover, the very low level of protease activity detected in control cultures was completely insensitive to this inhibitor, indicating that the alkaline protease is not synthesized in normally growing cultures.
Proportion of protein synthesis devoted to the protease. The extracellular protease permits N. crassa to utilize an exogenous protein as its sole source of nitrogen, carbon, or sulfur and obviously must play a major role when growth depends upon proteinaceous materials. It was thus of interest to determine the proportion of total protein synthesis which is devoted to this enzyme. One-milliliter portions of protease-containing growth medium (from induced cells) were heated at 60°C for the indicated times, quickly cooled on ice, and assayed for protease activity by the casein yellow method. In parallel, samples of purified 35S-labeled protease were heated at 60°C for the same set of time periods and quickly cooled before addition of antiserum to detect antigen binding. Radioactivity present in the immunoprecipitates, prepared as described in the text, was determined by scintillation counting. A previous study (4) showed that the heat inactivation of protease activity similar in crude and purified preparations. Symbols: *, enzyme activity; A, binding activity of antiserum. Wild-type conidia were inoculated into 150 ml of modified Vogel medium (-S +BSA) and into complete medium; 10-ml portions of each were grown with shaking at 25°C. Samples were harvested at 2-h intervals, and the extracellular growth medium was assayed for protease activity by the casein yellow assay. Symbols: 0, complete Vogel medium; 0, modified Vogel medium (-S +BSA).
since this could lead to a serious overestimate of the protease concentration. The results obtained from an experiment with our protease-specific antisera virtually eliminate this possibility. Pure 35S-labeled protease is nearly quantitatively immunoprecipitated both alone and when mixed with an unlabeled whole cell extract of N. crassa (data not shown). Thus, protease present in the growth medium along with an entire spectrum of other extracellular proteins can be specifically immunoprecipitated. A 10-ml culture was grown under inducing conditions (-S +BSA) and labeled with 35S042 at 5 pLCi/ml during a period of 6.5 to 8.5 h. Protease in a 20-pAl portion of the ,xtracellular growth medium was immunoprecipitated as described above and then electrophoresed in a 12.5% polyacrylamide tube gel. The total protein of an identical 20-,ul portion of the growth medium was run in a parallel gel.
The pattern of total 35S-labeled proteins is shown in panel A of Fig. 5 . A major peak occurs at the expected position for protease, and several other peaks of radioactive protein are also present. Protease specifically immunoprecipitated from the same mixture yields a single sharp peak of radioactivity (panel B). Since the peak obtained from the Ab-bound fraction is identical in both magnitude and position to the major peak found in the total mixture, it is obvious that this peak is comprised entirely of the protease. The pattern of total medium proteins observed in this case was somewhat 
